Background: Recent analyses show that donor funding for child health is increasing, but little information is available on actual costs to deliver child health care services. Understanding how unit costs scale with service volume in Malawi can help planners allocate budgets as health services expand.
Background
Recent data indicate uneven progress in reaching the fourth Millennium Development Goal to reduce mortality in children under five (U5s) by two-thirds [1] . Although recent analyses have shown that donor funding for child health is increasing [2] , little information is available on what countries themselves pay for child health [3] , and thus data are lacking on the total amount of resources devoted to child health. Lacking these data, recent estimates of resource needs for child health rely on modelling current resources based on coverage rates and treatment protocols, or simply modelling the total costs needed if interventions were delivered at optimal quality [4] [5] [6] [7] [8] . Estimates of the amount of resources devoted to child health are important both for analyses of current resource allocations, such as national health accounts or sub-accounts, and for estimates of resources needed to achieve mortality reduction goals.
Recently, countries, including Malawi, have adopted and are scaling up community-based case management of childhood diseases [9] , which is intended to address some of the shortcomings of previous implementation designs by moving care closer to households [10] . In Malawi, health surveillance assistants perform community-based case management outside of health facilities. However, data on the costs of this new pathway are limited [11] , and its effects on the costs of current health services is lacking [12] . Data on costs of child health services and the determinants of those costs are an important component of assessing the cost-effectiveness of communitybased case management [10, 12, 13] . This study does not assess questions related to community-based case management, but serves as a baseline for further data collection and analysis.
Analysis of the costs of health interventions ideally would include the marginal costs of expanding services, coupled with factors affecting costs, such as quality, case mix, and scale [14] . In this paper, we examine the costs of delivering child health services in 4 districts of Malawi at the start of the community-based case management programme for U5s. This analysis will help policymakers understand the cost structure of child health services and will provide a baseline for determining how costs change over time and as the new programme expands.
Methods
The cost function specification and results refer to the costs and outputs specific to child health services. We use the terms total, average, marginal cost and other terms throughout this paper to refer to the total, average, or marginal costs for child health services.
Setting
Malawi's health budget operates using a sector-wide approach (SWAp), where government and donor funds are pooled and distributed to districts 9 . Districts have broad control over budgets in Malawi's decentralized health system. In principle, the catchment population of health facilities determines budgets, but funding levels may differ by district. In practice, health facilities order drugs from the central medical stores and thus costs are responsive to utilization. In addition to government health facilities, the Christian Hospital Association of Malawi (CHAM) operates health centres, which charge clients for services, in coordination and cooperation with the government.
Some donors operate, purchase, or distribute commodities outside the SWAp; for example, The Global Fund to Fight AIDS, Tuberculosis, and Malaria (GFATM) provides funds to purchase anti-malarial drugs, The Global Alliance for Vaccines and Immunisation (GAVI) purchases pentavalent vaccines, and some donors may supply famine relief, outbreak control, and other measures.
Data collection
We collected data in four districts, all from central or southern Malawi, purposively selected in consultation with Ministry of Health staff. Retrospective data collection for the fiscal year 2009/10 took place in November 2010 and February 2011. Within each district, we visited four government and two CHAM health centres. We randomly selected government facilities, while we purposively selected the mission health centres for convenience of data collection; they are located nearest to selected government health centres. At each facility, quantities of resources used were recorded. Data were collected on outputs of services, including number of visits, vaccinations, etc. This included visits for diagnosis of major disease categories (malaria, respiratory infection, diarrhoea, skin conditions, and malnutrition). We collected summary data if available; otherwise we extracted output data from facility records. Data on utilities and maintenance were collected either at the facility (for mission health centres) or at the district health office (for government health centres). Prices were collected from national suppliers or local retailers as appropriate. All prices reflect the fiscal year 2009/10, and were inflated, if needed, to and presented in 2010 US dollars, using an exchange rate of 151.75 [15] . We annualized the costs of capital items using a 3% discount rate [16] .
We attempted to randomly sample 50 patient records each for outpatient and inpatient, if applicable, child under 5 visits at each facility. Without good data on the expected mean, variance, or difference in the cost of drugs between facilities, we did not perform sample size calculations. We extracted data related to age, sex, diagnosis, and the amount and type of drugs prescribed. Thirty-two per cent of sampled records were missing some data and we imputed missing data using multiple imputation by chained equations [17] and, in less than 1% of cases, standard treatment guidelines when this method failed. The fraction of missing information was less than 0.05 for 22 of the 24 facilities, and below 0.10 for the 2 remaining facilities; these patients were marked with dummy variables to assess whether they were outliers. Results reflect uncertainty due to imputation.
We used data from pharmacy records to estimate the quantities of drugs used only by children, namely the paediatric formulations of Lumefantrine/Arthemether (LA), all drugs in suspension, and vaccines. We used patient records to estimate the quantities for other drugs due to the uncertainty in allocating these drugs to U5s. Patient records were used to estimate less than 25% of total drug costs. Direct allocation [18] of other resources to children was based on staff interviews, time motion studies, and room usage within a facility. We did time motion studies for two hours in the morning and two hours in the afternoon targeting at least one provider per facility, with data collection staff observing providers from outside the consultation room. Time the provider spent during a child visit, time spent with other patients, and time spent doing other tasks were recorded.
Cost for overheads like vehicle use and training were based on the primary target of the training or use of vehicle; when this information is lacking, costs were allocated based on the proportion of visits from children to the total number of visits. Table 1 summarizes the data collected. Costs related to HIV/AIDS, dental care, and tuberculosis were excluded, either because they were separate programs from child health or they treated a negligible number of children. We interviewed up to 10 caretakers of children exiting each facility visited to ascertain their payments for accessing care and other experience with the visit, although these data are not directly used in the analysis.
This study received approval from the Johns Hopkins University Bloomberg School of Public Health Ethical Review Committee and the National Health Research Committee in the Government of Malawi Ministry of Health. Oral informed consent was obtained from facility in-charges on the day of the visit, and all respondents gave oral informed consent before being interviewed and/or observed. The study was judged to have minimal risk to participants.
Cost function specification
To analyse cost data, we regress the total costs of services against average prices, quantities of outputs, quality of services, type of facility, and case mix [19] . Each of these is discussed below. We check model specifications to determine if variables should be transformed using natural logs or if higher order terms should be included. Due to a low number of observations, interaction terms are not assessed. Sensitivity analysis is described and summarized in Additional file 1.
We collected staff salaries by grade at the district level, rather than by individual. However, different mixes of the types of staff at facilities, coupled with between district differences in salaries, mean that the average salary for clinical staff is different at all facilities observed, ranging from just under $2,200 to over $13,000. Thus, we include this in the model as an indicator of input prices.
Separate measures of at least three outputs could be included: the number of fully immunized children, the number of outpatient visits by children, and the number of inpatient admissions for children. Ideally, we would include emergency services, numbers fed through famine relief programs, and inpatient length of stay measures, but these data are not available. Since all facilities visited are first line health centres, we use outputs to measure the size and scope of services offered.
Quality is harder to observe, and is enhanced by verification of diagnosis and medication by an expert [20] . Lacking this data, we use data from patient records to estimate 'the number of children correctly medicated' , which we define as the proportion of cases with a recorded diagnosis of a certain disease for whom the correct medication was also recorded as having been prescribed. The number of diseases available for analysis is limited. Three diseases, malaria, diarrhoea, and pneumonia/ARI, constitute over 60% of all cases and are used as indicator conditions for quality measurement. We assessed the data from patient records to ascertain if first or second line drugs were prescribed to children diagnosed with these diseases. We use ownership to delineate facility type. Case mix is assessed as the percentage of visits due to particular diseases or severity of illnesses; we include the proportion of outpatient visits diagnosed with malaria because drugs for malaria are the most costly drug across facility types.
After running regressions of the form:
we calculate the marginal cost as the expected change in cost when producing one more of a given type of output. Specifically marginal cost is calculated as:
where Volume is set to the mean across facilities. In contrast, the average incremental cost is the change in costs from going from zero to the facility-mean, estimated by taking the difference between the predictions of the regression when Volume is set to zero and set to the mean for a given output, divided by the mean number of that output.
Results
The bottom of Table 1 shows the characteristics of the facilities sampled. Only three of the facilities had laboratories; all three were CHAM facilities. Fifty-eight per cent of facilities had inpatient beds, with 5.5 beds on average in facilities with beds. Clinical staff employed at a facility ranged from two people to twelve people, with an average of 4.2 clinical staff present in a facility. Table 2 presents the total costs, outputs, and input variables, and for each type of facility. These costs were more variable at CHAM facilities than at government facilities. Staff remuneration and pharmaceuticals accounted for over 55% of total costs on average, and over 50% of costs at all but three facilities. LA generally accounted for over 75% of pharmaceutical costs. Donors directly financed 40% of costs at government health centres, and 21% of costs at CHAM facilities, not including funds provided through the SWAp. Pharmaceuticals and vaccines accounted for 78% of donor support at government health centres and 70% at CHAM facilities. Donor procurement of LA was the most important component of this support. Government and CHAM facilities had similar utilization numbers, with an average of 10,753 child outpatient visits (range among facilities: 1,425 to 22,156), over 100 inpatient admittances (range: 0 to 1,325), and about 900 fully immunized children (range: 0 to 2,342) with no statistically significant differences between the two facility types.
On average, 27% of drugs used for children present at facilities at some point during the fiscal year were out of stock at the two time points measured (beginning or end of the fiscal year). This was 17% at CHAM facilities and 33% at government health centres (p<0.01). An average 54% of outpatient U5 cases were diagnosed with malaria among the 26 facilities with this data. However, malaria was diagnosed by observation and the proportion of cases diagnosed with malaria ranges from 5% to 91% between facilities, calling into question the accuracy of the diagnoses.
Regression analyses were done on total costs in natural units, because the data in the raw scale had relatively low skew and a kurtosis coefficient under 3 [21] (See Additional file 2). Four regression specifications are presented in Table 4 . Proportion of drugs out of stock, the proportion of cases diagnosed with malaria, average salary of clinical staff, and the proportion of cases correctly medicated did not improve model fit in any of the models (p<0.10) (data not shown). Outputs and the indicator for CHAM facilities are only statistically significant in the specification that includes the proportion of drugs out of stock. The direction of the coefficient for the proportion of drugs out of stock is positive. This finding is difficult to interpret; perhaps having cheaper first line drugs in stock lowers costs, or, because CHAM facilities are more likely to have drugs in stock, this variable could be capturing higher CHAM costs. The number of fully immunized children does not improve model fit. All other variables, including those assessing missingness, do not improve model fit (p<0.10). The preferred specification is Model 4, which had the highest R-squared and log likelihood. We use this model for the remainder of the analyses, although we report average and marginal cost estimates for all models to facilitate comparisons. Results appear to be robust based on sensitivity analyses (see Additional file 1). Table 5 presents the estimated marginal cost and average incremental cost of services. One more inpatient admission, for example in model 4, is associated with an increase of $13.0 in total costs, which is also the average incremental cost. For outpatient visits, the marginal cost is estimated at under $1 in the fourth model. The models show that marginal costs for outpatient visits are lower than average incremental costs. Figure 1 presents the estimated average incremental cost and marginal cost curves, based on the fourth model, for outpatient visits across the range of outpatient visits observed. The mean number of outpatient visits observed in the sample is close to the lowest marginal incremental cost, suggesting that average incremental costs could be lowered if health facilities served more children at the current level of quality.
In order to understand the cost profile at different scales, in Table 6 we summarize the proportion of total costs by cost category for three levels of outpatient utilization: low utilization under 7,000 outpatient visits, mid-level utilization of 7,000 to 14,999 visits, and high utilization of 15,000 visits and over.
Discussion
We find that an average health centre in the four selected districts in Malawi is not operating at an optimal scale of services. Table 6 shows that high utilization facilities spent 20% of their total budget, on average, for vehicle operation and field visits. On the other hand, staff and clinical staff at these facilities see more children than at other facilities, and have the highest number of visits per child in their catchment area per year. Because high-utilization facilities are more likely to have vehicles than other facilities, the upward slope of marginal costs at high utilization levels indicated by the regression probably reflects the cost of vehicle operation rather than diseconomies of scale with respect to staff or other fixed costs. Thus, the increasing average costs for facilities over 15,000 visits should be interpreted with caution, and our models should include another output for outputs related to vehicle use. Facilities with low levels of utilization also tend to have both a smaller population of children in their catchment area and a lower number of visits per child per year. Thus, these facilities have lower number of visits per staff and per clinical staff, but these facilities also have a greater number of non-clinical staff than facilities with mid-levels of utilization. We also find, based on exit interviews, that a greater proportion of caretakers reported traveling over 1 hour to receive care among lowutilization facilities compared with high utilization facilities. This may indicate that low-utilization facilities are also located in areas with a lower population density. These findings may be confounded by the fact that 4 of the 6 low utilization facilities are CHAM health centres, and user fees may lower demand. However, for the two government-operated low utilization facilities, the average utilization rate is only 1.89 visits per child per year. Thus, we cannot draw conclusions as to the reasons for low utilization, but note that it appears to be associated with lower levels of efficiency. Likely, active steps are needed to increase demand and utilization at these health centres; facilities with low utilization (e.g., under 7,000 children in the catchment area or with utilization rates under 2 visits per child per year) would especially benefit from these activities. Increasing utilization rates would not fully help low utilization facilities alleviate their inefficiency with respect to scale since they serve a smaller number of children; these facilities also appear most likely to be affected by community-based case management since they are possibly in more remote areas. The government, which has goal of having the 80% of the population live within 5 kilometres of a health facility [20] , may be willing to bear this loss of efficiency, but expansion of non-child services is another possible way to alleviate inefficiency. Staffing patterns may bear scrutiny; however, there may be reasons health facilities with smaller catchment populations to have more non-clinical staff; e.g., non-clinical staff may be used for outreach.
While CHAM facilities charge clients user fees, we find, on average, their volume of visits is similar to government health centres. Government health centres received, on average, 2.5 visits per child in their catchment area in the year observed, while CHAM facilities received 2.2 visits per child per year. We found, however, that 72% of all outpatient visits at CHAM facilities were from children, compared with 36% at government health centres. This helps explain why, despite similar levels of outputs, CHAM facilities are more expensive; their fixed and semi-fixed costs are, overall, spread across fewer visits.
Our data do not measure quality well, but we found that around 85% of children were prescribed a medicine that was consistent with their recorded diagnosis. In an observation-based study conducted in 2009, researchers found that 53.6% of children with pneumonia, 63.4% of children with malaria, and 43% of children with dehydration were given the correct prescription [22] . These rates, which were accompanied by confirmation of diagnosis, are substantially lower than in our data. Thus, there may substantial room to improve the quality of care, which is a second path to increasing the efficiency of services. We also found a large proportion of drugs were out of stock at government health centres, and that higher stock-out rates were associated with higher costs. This is another area where quality improvement may improve cost profiles.
This study suffers from a number of weaknesses. Although 1104 patient records were analysed the sample size of facilities is only 24, and deriving conclusions from small sample sizes is problematic. For example, based on parameter uncertainty in the fourth model, the optimal scale of services could as low as 5000 outpatient visits Further, the quality of the data was not always optimal.
Often, confirmation of data, e.g., in registries, found discrepancies with officially reported data. In some cases, records were missing or incomplete. However, the results appear robust to moderate levels of data error (see Additional file 3). Assessing how costs change over time, and how they change in relation to new programmes, is important both to provide feedback to facility and district managers and to inform projections of the amount of resources needed to achieve health and mortality reduction goals. *Based on 229 exit interviews of caretakers at facilities; 60 respondents for low utilization facilities, 128 respondents for middle utilization facilities, and 41 respondents for high utilization facilities. Difference between low utilization and high utilization facilities is statistically significant (p<0.05) in logit regression when controlling for district (data not shown).
